Introduction
Introduction
. [2, 3] . There is evidence suggesting that TRPM2 mRNA is expressed in human islets [4] . TRPM2 current has been studied mostly in rat insulinoma RIN-5F, and Cambridge rat insulinoma G1 (CRI-G1) cells [5, 6] . In these cells, it has been demonstrated that TRPM2 channels are involved in insulin secretion [5] . Moreover, it has been shown that H2O2-induced death of insulinoma cells is prevented by antisense TRPM2 [7] . However [8, 9] . Glucose-stimulated insulin secretion in these cells is similar to that reported previously [8, 9] . The cells were cultured in RPMI-1640 medium, supplemented with 2 mM L-glutamine, 10 mM HEPES, 1 mM sodium pyruvate, 500 M 2-mercaptoethanol (2-ME), 2.5% foetal bovine serum, 50 i.u. /ml penicillin and 50 g/ml streptomycin. (Fig. 3A and B) . The maximal [Ca 2ϩ ]i increases by H2O2 in the control group and in the nimodipine group were 27 Ϯ 5 and 23 Ϯ 6 nM, respectively (P ϭ 0.63 n ϭ 15) (Fig. 3C) Fig. 3D and E) . The magnitudes of [Ca 2ϩ ]i increases in the control group and in the 2-APB group were 13 Ϯ 2 and 14 Ϯ 1 nM, respectively (P ϭ 0.75, n ϭ 10) (Fig. 3F) . Flufenamic acid and econazole are two inhibitors of TRPM2 [14, 15] (Fig. 3G) . As shown in Fig. 3H (trace a) ]i by H2O2 in the absence of, and in the presence of ACA were 23 Ϯ 1 and -9 Ϯ 6 nM, respectively (P Յ; 0.01, n ϭ 6) (Fig 3I) . These observations indicated that the H2O2-induced Ca 2ϩ entry was due to the activation of the TRPM2 channels.
In addition to the full-length TRPM2 (called TRPM2-L), a short form of TRPM2 (called TRPM2-S), where the four C-terminal trans-membrane domains and the putative pore-forming domain are deleted, have been described. TRPM2 is activated by hydrogen peroxide (H2O2), a model substance used as a paradigm of oxidative stress. TRPM2 channels are, thus, thought to be sensors for oxidative stress. Reactive oxygen species and oxidative stress have been implicated in the pathogenesis of diabetes. A number of studies have demonstrated that H2O2 induces ␤-cell death

Cell culture
We used a highly differentiated rat insulinoma cell line INS-1E cells (S5 clone)
Isolation and culture of human islets
Statistical analysis
Data are displayed as mean Ϯ S.E.M., n indicating the number of independent experiments. Student's t-test (unpaired) was
TRPM2 current in INS-1E cells
In patch-clamp experiments 0.6 mM ADP ribose was dialysed into the cells through the patch pipette. The pipette solution also contained 1 M Ca 2ϩ to facilitate development of ADP ribosedependent current [17] . Figure 4A shows rapid development of inward currents of ~1 nA after establishment of the whole-cell configuration. The inward currents were minimized when extracellular Na -free medium at the time indicated by the horizontal bar (n ϭ 5) (c.f. Fig. 1B ). (Fig. 4B) . After external application of ACA (50 M), the current gradually declined to almost basal levels. After washout of ACA, currents were partially restored demonstrating that the ACA effect was reversible (Fig. 4B) . The corresponding I-V relation is shown in Fig. 4C Fig. 5A ) and anti-TRPM2-C antibodies (Fig. 5A1) . As expected, a ~95 kD band representing the TRPM2-S was detected by the anti-TRPM2-N antibody (Fig. 5A) but not by the anti-TRPM2-C antibody (Fig. 5A1) . In control experiments we found that the ~75 kD bands were non-specific ones, because they were detected even when the membranes were treated with the corresponding blocking peptides. [22] . As an inhibitor of TRPM2-channel, the role of 2-APB remains controversial [23, 24] . On the other hand, H2O2-induced Ca 2ϩ entry was completely blocked by ACA, a potent blocker of TRPM2 channel [16] . In fact, in ACAtreated cells there was, on the average, a small decrease in [Ca 2ϩ ]i suggesting some basal activity of TRPM2 channels at 37ЊC. ACA, however, is not entirely specific for TRPM2, because it also blocks TRPM8 and TRPC6 [16] . Nevertheless ]i oscillations in ␤-cell [25] [26] [27] [28] [29] . However, in our experiments, activation of TRPM2 by H2O2 did not involve activation of PLA2. This is evident from the observation that H2O2 activated TRPM2 current, even when cells were internally dialysed and the recordings were performed at 22ЊC (Fig. 4B) . In fact, it is known that H2O2 does not activate PLA2, rather it inhibits the enzyme [30] . Given [33, 34] . The activation of TRPM2 currents by H2O2 was long lasting and persisted even after wash out of H2O2, an observation consistent with previous reports [18, 31] [16] . Thus, we have demonstrated an inward current that is activated by ADP-ribose (Fig. 4A) and by H2O2 (Fig. 4B) [35] . [35] . Thus, human ␤-cells have not only the H2O2-sensitive isoform but also the protective isoform of TRPM2. The relative abundance of these isoforms may determine the extent of H2O2-induced TRPM2-mediated Ca 2ϩ influx [36] .
Fig. 3 Effects of different channel blockers on H2O2-induced [Ca 2ϩ ]i increase in INS-1E cells. (A) and (B) Nimodipine did not inhibit H2O2-induced [Ca 2ϩ ]i response. Cells were pre-incubated with Nimodipine (5 M) for 10 min. H2O2 (500 M) was applied in the continued presence of nimodipine (the trace is representative of seven independent experiments). (B) Shows control experiments for (A) (the trace is representative of eight independent experiments). (D) and (E) 2-APB (50 M) did not alter the [Ca 2ϩ ]i response to H2O2 (200 M). Cells were treated with 2-APB (50 M) for 10 min. during pre-incubation and H2O2 was applied in the continued presence of 2-APB. (E) The control for (A) showing [Ca 2ϩ ]i response to H2O2 in the absence of 2-APB (traces D and E are representatives of three to five independent experiments). (G) ACA (20 M) did not increase [Ca 2ϩ ]i in INS-1E cells. (H) ACA (20 M) completely inhibited H2O2-induced [Ca 2ϩ ]i response. Trace (a) shows [Ca 2ϩ ]i response to H2O2 (200 M) in the absence of ACA (the trace is representative of three independent experiments). In trace (b), ACA (20 M) was applied 1 min. before application of H2O2 (200 M) and was continuously present in the perfusion (the trace is representative of three independent experiments). (I) Maximal
4B). After extracellular application of H2O2 (~10 mM), inward currents developed gradually and the currents were immediately suppressed when the bath solution contained NMDG ϩ (Fig. 4B). The currents could be repeatedly restored by reperfusion with standard bath solution, even when the solution did not contain H2O2
TRPM2 proteins in human islets
We performed Western blotting with membrane preparations from human islets. The blot was probed with anti-TRPM2-N and anti-TRPM2-C antibodies. The immunogen for anti-TRPM2-N was the peptide ILKELSKEEEDTDSSEEMLA, which represents the amino acids 658-677 of human TRPM2 encoded within exon 13. The immunogen for anti-TRPM2-C was the peptide KAAEEPDAEPG-GRKKTEEPGDS, which represents amino acids 1216-1237 of human TRPM2 encoded within exon 25. In Western blotting of human islets ~171 kD bands representing TRPM2-L were detected by both anti-TRPM2-N (
The anti-TRPM2-N antibody detected not only the full length TRPM2-L, but also the C-terminally truncated TRPM2-S, in human islets. TRPM2-S isoform appeared as a ~95 kD band detected by the anti-TRPM2-N, and not by the anti-TRPM2-C. TRPM2-S itself does not form a channel but instead it acts as a dominant negative of TRPM2-L
Previous studies have examined the effects of H2O2 on insulin secretion, [Ca 2ϩ ]i changes, membrane potential changes, glucose metabolism, mitochondrial metabolism and ␤-cell death [2, 20, 21, 37] . It is evident from these reports that exposure of ␤-cells to relatively high concentration of H2O2 for prolonged period inhibits metabolism, leading to opening of the KATP channels, hyperpolarization of membrane potential and inhibition of insulin secretion [2, 20] [18, 37] . However, in transfected cells where TRPM2 is overexpressed, a sizable current can often be detected by micromolar H2O2 [7] .
In 
